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Abstract 
This paper describes fundamental aspects of building façade retrofit practice using field-based research. A major 
challenge of sustainability is to require buildings to be resilient assets in a life cycle perspective. Building retrofit, a 
growing research area during the last decade, finds its fundament on the urgency of decreasing the harmful effect of 
buildings in the environment, and improving them as healthier places for occupants. For these reasons, façade 
retrofit is rapidly expanding as a research area. Historically, facades have been modified for numerous reasons, such 
as fixing failures or accommodating aesthetic trends.  Currently, the central role of the façade in building energy 
efficiency is driving an assessment of the potential impact of widespread façade retrofit as a means to improve 
building sector energy performance. Two online surveys were performed between 2013 and 2014 among building 
façade professionals.   The first survey was intended to identify predominant broad stroke façade retrofit practices. 
The second survey drilled down to a deeper level of design and construction, as well as motivations and goals. 
Respondents were highly linked to façade consultancies, façade contractors, and material suppliers. The results 
included a high percentage of buildings located in the United States. The information is presented in this paper 
using descriptive statistics to represent façade retrofit demographics, motivations and scopes, and techniques. This 
aim is to contribute qualified survey data for a better understanding of the fundamental aspects of current façade 
retrofits practices. 
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1. Introduction  
The existing building stock has been recognized as an inefficient consumer of energy, and the opportunity of 
improving the energy performance of this economic sector is driving change. In the US, existing buildings are 
responsible for almost half of the energy used in the country [1]. Important initiatives in the U.S. and Europe are 
emerging that include the widespread renovation of existing buildings during the coming decades, with the specific 
aim of significantly reducing energy consumption and related carbon emissions.  In the U.S. influential initiatives 
like the 2030 challenge set aggressive goals for the conversion of existing buildings toward reduced carbon 
emissions. A significant percentage of the existing building stock was constructed in the post-World War II era; 
buildings generally characterized by strong structural systems but inefficient envelopes.  Especially in the US, 
abundant and cheap energy led to buildings with a design approach that embraced the new mechanical air 
conditioning systems of the time, resulting in the displacement of passive adaptations to accommodate natural 
ventilation and daylighting harvesting practices.  
The facade is a primary system and a particular focus in high performance buildings. The façade has evolved in 
complexity over time, accommodating a broader range of functionality and performance. Nowadays, façade 
functions include security, air and water infiltration mitigation, thermal and acoustical insulation, solar control, 
daylighting, glare control, the provision of views, and aesthetics. These evolving functions have led to complex 
multi-layer façade constructs with components destined to fulfill specific functions [2].  With the adoption of active 
systems, intelligent facades facilitate dynamic adaptation to changing environmental conditions [3]. The result of 
this evolution of façade technology is the availability of higher performing products and materials that present 
retrofit opportunities for existing façade systems. 
These retrofit opportunities are not the only drivers of façade renovation. Weathering processes, materials 
deterioration, and conditions of use decrease façade performance over time.  Even before reaching the end of their 
service live, depending upon system type and application, a façade system may require maintenance and partial 
renovation around 20 or 30 years of being built [4].  Façade system failures accelerate this process; water and water 
vapour penetration especially, can speed deterioration, resulting in compromised gaskets and seals, corroded metal, 
degraded insulation, and even mould problems. Remedial renovations are required to address these problems. 
Most buildings standing today will be a part of the building stock in 2050. This means that these buildings will 
require extensive renovation, including façade retrofit, to meet future energy and carbon performance goals in the 
building sector. Establishing best practices for façade retrofit is fundamental to support planning, implementation, 
and verification of the desired transformation of the built environment.  Façade retrofit is reciprocally related to 
practice. Research in applied disciplines like architecture are funded on the exploration of problems and 
opportunities encountered by professionals in the field[5].   Building energy retrofit in general and façade retrofit in 
particular, are relatively new areas of practice and research as the post-war buildings are aging and energy prices and 
concerns are increasing. In fact, only 17% of the retrofits undertaken by Energy Savings Companies (ESCOs) 
include envelope upgrade [6].  Upgrading mechanical systems to be more efficient is a faster and cheaper approach 
to improving energy performance rather than façade retrofit. Important synergies are lost, however, when the façade 
is excluded from the scope of a building energy retrofit. The knowledge state is compromised by the fact that post-
occupancy studies are rarely done, even in new construction, so performance results of façade retrofit applications 
are seldom accessible, and failures are rarely revealed, regardless of the benefit such knowledge would provide. This 
scarcity of academic research and empirical information has led to the prejudice that retrofitting is a high-risk 
investment with uncertain financial and performance results [7-10]. Indeed, building retrofit practices are generally 
based on professional judgment or “rules of thumb” [11].  Information and knowledge of the potentials and best 
practices of façade retrofit will facilitate the renovation and reuse of many buildings over demolition, an important 
sustainability trend.  
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2. Background  
Currently, there is little consensus to define or categorize façade retrofit; several concepts such as façade-
modernization, refurbishment, and renovation, among others are used in practice.  Indeed, the term retrofit can range 
from structural to energy enhancements, even though in terms of energy it tends to refer to upgrades of systems to 
high-efficient equipment [12].  For this study, façade retrofit is understood as any modification or addition to the 
façade system to respond to environmental conditions and occupants’ wellbeing. 
Previous studies have embraced façade retrofit from different perspectives.  One study reviews both the potential 
and challenges that façade retrofit faces today, and explores the challenges of particular buildings typologies in the 
near future [13]. Studies have explored a wide aspects of sustainable practice of façade interventions from social, 
economic, and technical aspects from a building life cycle perspective [11, 14].  In terms of energy, the façade is a 
fundamental system in deep energy retrofits, which are comprehensive interventions aimed at energy reductions 
greater than 50% [6].  In some case studies, computer simulations have been used for exploring the impacts on 
energy of a series of strategies in specific building types and locations [15].  
However, there are a limited number of studies documenting façade retrofit practices at the time of this study.  
The shift to existing buildings from new construction in Europe has led to the need to improve techniques and 
methods for envelopes of post-World War II multi-story residential buildings.  As a result, a diagnosis of the main 
technical façade improvements and design criteria were documented from 14 countries [16].  In the UK, about one 
hundred cases of energy retrofits are contained in a database for low-energy residential buildings [17].  In the US, 
the scarce resources are mostly focused on commercial buildings.  On a national survey some types of renovations 
were quantified, which provides an estimated number of buildings with wall, windows or insulation upgrades [18].   
In addition, a couple of studies contributed to the understanding of the current state of energy retrofits.  Current 
challenges and trends of energy retrofits for commercial buildings were explored using over one hundred financial 
reports and interviews [9].  A case-based investigation was carried out by the Existing Building Renewal (EBR), 
which listed 50 building projects that led to at least 30% energy savings.  In a second phase of the investigation, they 
documented nine office buildings [7].  However, these cases are location-specific with at least two energy efficiency 
measures, and façade was only included in one building.  
3. Methodology 
Data collection was carried out among professionals related to façade design and construction.  Two online-
surveys were distributed by email during 2012 and 2013.  The first survey was aimed at exploring general aspects of 
façade retrofit practices.  Structured mostly in multiple-answer questions, the survey tackled general aspects of 
façade retrofit practice.  Though the survey was not project-specific, façade retrofit projects were encouraged to be 
referred.  As a follow up, a second survey was conducted with a project-specific approach.   In this survey 
respondent identification was requested, which allowed for further inquiries about the projects.  
4. Results 
Over 300 building projects were mentioned in the surveys.  More than 200 façade retrofitted buildings in 32 
countries were mentioned in the first survey, whereas the second survey allowed the identification of 110 buildings 
in16 countries.   
Surveys revealed the distribution of experience of largely façade-related professionals.  This expertise was 
reflected in direct involvement in roles such as retrofit design, construction, post occupancy studies or material 
supply, which was reflected on 93% of the professionals in survey 1 and 80% on survey 2.  Survey 1 revealed that 
the major stage of involvement of professionals was during the execution stage, with 47% of the respondents 
involved in this stage, followed by the planning stage and materials supply with 38% each. A large percentage 
reported experience with curtain walls, with nearly as many responders having experience with highly glazed curtain 
walls (over 50% WWR). The second survey revealed that over 60% of responders had direct façade expertise, with 
roles such as façade designers (14.5%), façade consultant (14.5%), façade engineers (7%) or façade contractors 
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(25%).  Other professionals included energy consultants, academics and researchers, fabricators, and real estate 
developers. 
 
Figure 1: Responders’ profile from both surveys 
4.1. Building characteristics 
Façade retrofit projects were represented by over 30 countries in both surveys.  However, a predominance of 
projects in the US was reflected with 54% of the buildings of survey 1, and 63% of survey 2.   The UK followed a 
distant second with 8% of the buildings. Of the over 200 buildings identified in the US, more than half were located 
in only three states: California (21%), New York (17.3%), and Illinois (12.8%).  The predominance of reported 
buildings in these states is explained by the concentration of cases in big cities in these states.   There were 28 
buildings in New York, 18 in Chicago and 17 in Los Angeles. Several façade retrofits were also reported in Houston 
and Washington DC. 
A majority of the buildings were located between climates zones 3 and 5. Climate zone (CZ) 4 contains 34% of 
the buildings followed by 28.7% in CZ 3 and 24.7% in CZ 5 [19].  As reflected by the concentration of cases in the 
above mentioned cities, 33% of the buildings were located in CZ 4a (New York), 20% in CZ 5a (Chicago) and 12% 
in CZ 3b (Los Angeles). 
With a majority of non-residential buildings, a predominance of offices was reflected in 60% of the reported 
buildings in survey 1 and 56% in survey 2.   Commercial offices represented 72% of those office buildings. Survey 
2 reported commercial office buildings as the main building purpose with 49% of all reported buildings, followed by 
educational and government offices.  In the US, commercial offices represented 53% of the surveys while 11% 
corresponded to multistory residential buildings. Additionally, a small number of buildings corresponded to adaptive 
reuse, representing only 16% of the buildings from survey 2. Among adaptive reuses mentioned, office buildings 
were converted into retail, education and residential uses; while other office buildings were created from retail, 
warehouse and parking structures.   Others included conversions of factories into university buildings and hospitals 
into research labs. 
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Figure 2:  Main building purposes (CH=courthouse, CO=comm. office, CR=comm. retail, EH=education high, EK=education K-12, GO= 
gov.office, H=hotel, HF=health facility, LAB=laboratory, RE=recreation, RM=residential multifamily, RS=residential single family) 
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Building height was grouped in three categories:  Low rise (up to 3 floors), mid-rise (4-13 stories), and high-rise 
(14 or more stories).  62% of the surveyed professionals reported experience with mid-rise buildings and 49% with 
high-rises.  Based on number of buildings, the second survey also resulted in mid-rise buildings to the larger group 
with 44%, followed by high-rises with 38.4%   
According to vintage, there was a concentration of buildings built in the last half of the 20th century. In the US, 
half of the buildings were built between 1950 and 1979, while 15% were before 1950, and 12.5% were 1980 or later. 
Only 17% of the buildings reported were subject to historic restoration or preservation requirements or guidelines. 
4.2. Façade characteristics 
Curtain walls, ranging from storefront type to highly glazed, were the main façade system reported for original 
façade types.  As the first survey allowed multiple selection responded reported several categories, resulting on 67% 
of the respondents reported experience with curtain wall systems (including window wall and storefront types) and 
62% with highly glazed curtain walls (over 50% glass), followed by 39% reporting masonry (with punched 
windows).  Based on number of buildings in survey 2, 29% of the reported façade retrofits corresponded to highly 
glazed curtain wall, 28% masonry façades, and 16% curtain walls.  
4.3. Main reasons and motivations for façade retrofits  
The primary motivation cited for the various retrofits was aesthetics or image update in both surveys.  Survey 1 
allowed multiple answers that resulted in aesthetics as the main motivation with 74% of the total responses, 
followed by energy performance (65%), and remediation (56%). However, code compliance and green standard 
compliance (i.e. LEED, Energy Star, Living Building Challenge, etc.) were surveyed separately and resulted in 15% 
and 14% of the total responses, respectively.  Survey 2 reported aesthetics (or image update) as the main motivation 
in 36% of the projects.  This was followed by failure remediation (26%), and energy performance was the least 
reported motivation, with only 20% of the projects (despite code compliance or green standard compliance being 
included in this choice). 
4.4. Goals and activities of façade retrofit plans 
The commitment of these façade retrofit projects with wider range of sustainability aspects, the goals and scopes of 
the planning of the retrofits were inquired in survey 2.   According to the goals, more than half of the projects people 
was involved had durability, energy consumption and occupant’s health and comfort as main goal.  Even though 
most of the possible answers were included; still 12% of the respondents chose none of these goals were included in 
the retrofit scope.  
 
Figure 3: Goals and activities included in retrofit plans 
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Regarding to the activities included in the retrofit plan, computing modeling was an important activity, whether it 
was energy or thermal performance.  However, a third of the respondents indicated none of these activities was 
included.   
4.5. Scope of the retrofit work 
With respect to scope-of-work (SoW) for the façade retrofit, a wide range was reported.   These ranged from 
minor repairs (re-caulking, sealing, addition of films in glass) to total replacement of the façade.  Survey 1 reported 
that total façade removal and replacement (re-clad, re-skin) was the main façade retrofit type, followed by 
refurbishment or replacement of window systems.  These two façade retrofits were reported in more than half of the 
responses.  Survey 2 reiterated these results, with an additional predominance of the category of a new cladding 
material(s) was added to the existing façade.  Among other SoW items not included in the category options but 
included in other, were draft-proofing actions, substituting fixed with operable windows, installation of air/water 
barrier materials, general cleaning, and the addition of new apertures.     
 
 
Figure 4: Scope of façade retrofit projects reported in both surveys (results add to more than 100%) 
4.6. Building retrofit items accompanying façade retrofit  
The façade retrofits were often accompanied by other building system retrofits; nearly half of the reported 
buildings included other system retrofits along with the façade (This information was unavailable or unknown in 
22%). Survey 2 reported that HVAC and/or other mechanical system upgrades or replacements were the most 
common of these. Following closely, lighting system upgrades accounted for nearly three-quarters of the 
accompanying system retrofits. A few projects reported the integration of on-site energy generation, as with 
photovoltaic panels, solar thermal, wind turbines, or ground heat sources.  Among these, a single project reported 
the application of solar panels as façade components.    
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Figure 5 Systems being retrofitted in conjunction with the facade 
5. Discussion 
The survey results reinforce the notion of an early stage trend of façade retrofit among the existing building 
stock. Of the reported buildings, 30% were implemented during 2000 and 2009, and 39% after 2010.  Part of this 
state is reflected on little consideration to sustainability considerations. Durability planning, whether guided per ISO 
or other standards, was reported to be rarely included, with future maintenance and renovation cycles seldom 
considered.  Moreover, life cycle considerations such as life cycle assessment (LCA) or life cycle costing analysis 
(LCCA) were among the least included activities included in the planning stage.   
The question regarding motivation for the façade retrofit was open to subjective response, but the collective 
responses are nonetheless significant considering that a lack of information in this regard has been reported in 
previous studies [9]. Facades have historically been modified for a variety of reasons. Interestingly, the survey 
responses indicate that the primary driver is aesthetic considerations, with other reasons, including performance 
retrofits, clearly relegated to a secondary priority in the vast majority of façade retrofits to date. 
Buildings of at least 4 stories predominated, which make them representative due to the predominance of façade 
surface in the building envelope.  It was estimated that some 39% of the buildings contained in this study could be 
classified as tall buildings, using 14-stories as threshold (Council for Tall Buildings and Urban Habitat).  Moreover, 
a large group of modern office buildings represented in the dataset is not only relevant for the US building stock, but 
a typology that is present in many other locations worldwide.  
Finally, even though both surveys enquired about measured or estimated energy savings, it was no surprise that 
meaningful data in this regard was not forthcoming. None of the projects reported having verified energy 
performance data, despite many projects indicating that energy simulations were performed as part of the retrofit 
design process. The difficulty of obtaining actual energy use data has been described in other studies [6]. This is 
consistent with the infrequency of post occupancy evaluations also reported in this study. Respondents indicated that 
government buildings are currently tracking energy usage, but the data still remains unpublished and unavailable. 
Evaluating the effectiveness of façade retrofit in terms of energy efficiency improvement requires further 
exploration and the availability of relevant data. 
 
6. Conclusions 
This paper is an early study of the state of practice of an emerging trend of building façade retrofits.  A relevant 
set of cases was identified as a result of two online surveys distributed among professionals with experience in the 
façade field, resulting in the collection of pertinent quantitative and quantitative data. Responses from the first 
survey facilitated a general knowledge of existing practice, while the second survey provided greater detail.   
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The majority of reported buildings were located in the US, with most of these concentrated in the states of 
California, New York, and Illinois. With a predominance of office buildings, total replacement of the original façade 
with a new one (also known as re-skin) was the more common intervention.  Further research will identify 
additional cases to add to a database ultimately intended as a publicly available resource.  A richer dataset will 
accommodate finer grain analysis, such as cases within the same climate zone. A more precise taxonomy of façade 
retrofits is also needed to facilitate the sharing and exploration of ongoing research among academics and 
professionals.   
Findings of this study are highly informative.  While some data reflects a degree of subjectivity, the results are 
useful in indicating underlying motivations that shaped the façade retrofit projects.  Overall, this study contributes to 
a broader understanding of the practice of façade retrofit.   
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